This study aims to investigate the association between educational level and breast cancer mortality in Europe in the 2000s. Unlike most other causes of death, breast cancer mortality tends to be positively related to education, with higher educated women showing higher mortality rates. Research has however shown that the association is changing from being positive over non-existent to negative in some countries. To investigate these patterns, data from national mortality registers and censuses were collected and harmonized for 18 European populations. The study population included all women aged 30-74. Agestandardized mortality rates, mortality rate ratios, and slope and relative indexes of inequality were computed by education. The population was stratified according to age (women aged 30-49 and women aged 50-74). The relation between educational level and breast cancer mortality was predominantly negative in women aged 30-49, mortality rates being lower among highly educated women and higher among low educated women, although few outcomes were statistically significant. Among women aged 50-74, the association was mostly positive and statistically significant in some populations. A comparison with earlier research in the 1990s revealed a changing pattern of breast cancer mortality. Positive educational differences that used to be significant in the 1990s were no longer significant in the 2000s, indicating that inequalities have decreased or disappeared. This evolution is in line with the "fundamental causes" theory which stipulates that whenever medical insights and treatment become available to combat a disease, a negative association with socio-economic position will arise, independently of the underlying risk factors.
This study aims to investigate the association between educational level and breast cancer mortality in Europe in the 2000s. Unlike most other causes of death, breast cancer mortality tends to be positively related to education, with higher educated women showing higher mortality rates. Research has however shown that the association is changing from being positive over non-existent to negative in some countries. To investigate these patterns, data from national mortality registers and censuses were collected and harmonized for 18 European populations. The study population included all women aged 30-74. Agestandardized mortality rates, mortality rate ratios, and slope and relative indexes of inequality were computed by education. The population was stratified according to age (women aged 30-49 and women aged ). The relation between educational level and breast cancer mortality was predominantly negative in women aged 30-49, mortality rates being lower among highly educated women and higher among low educated women, although few outcomes were statistically significant. Among women aged 50-74, the association was mostly positive and statistically significant in some populations. A comparison with earlier research in the 1990s revealed a changing pattern of breast cancer mortality. Positive educational differences that used to be significant in the 1990s were no longer significant in the 2000s, indicating that inequalities have decreased or disappeared. This evolution is in line with the "fundamental causes" theory which stipulates that whenever medical insights and treatment become available to combat a disease, a negative association with socio-economic position will arise, independently of the underlying risk factors.
Worldwide, breast cancer is the most frequent cancer in women. In industrialized countries, it is the most common single cause of premature mortality in women. In 2012, there were 464,000 new cases of breast cancer (29% of all new cancers) in Europe and 131,000 breast cancer deaths (17% of all cancer deaths). 1 In contrast to most other causes of death, breast cancer mortality was higher among higher educated women at the end of the 20 th century. [2] [3] [4] Cancer mortality being the joint outcome of both incidence and survival, there are several pathways that link education to breast cancer. With respect to breast cancer incidence, education enhances behaviour that reduces incidence rates such as physical activity, lower alcohol consumption and smoking prevalence. On the other hand, there are also factors linked to education that increase breast cancer incidence. Education increases nulliparity and leads to postponement of motherhood. Both these reproductive factors have been held (partly) responsible for the positive association between educational level and breast cancer occurrence.
cancer at diagnosis, type of cancer treatment, psychosocial support and estrogen-receptor status. 8 One way to probe into the mechanisms producing health inequalities is cross-country research. To our knowledge, there are only few studies that compare educational inequalities in breast cancer mortality in Europe. 4, [9] [10] [11] These studies have shown a positive association between educational level and breast cancer mortality in the majority of the included populations during the 1990s. However some exceptions to this general pattern have been noted, e.g. in France, Finland and Barcelona. For Finland and France, country-specific studies have shown a narrowing or disappearing association over time. 12, 13 The first aim of this paper is to corroborate these findings and to map educational differences in breast cancer mortality in Europe during the 2000s. The study extends existing European cross-country comparisons by (1) including populations for which data were previously not included in multi-country comparisons (Czech Republic, Hungary, Poland, Estonia, Sweden, Basque Country and Tuscany); and by (2) using more recent data for the populations included in previous analyses (Finland, Norway, Denmark, England and Wales, Austria, Belgium, France, Switzerland, Barcelona, Madrid and Turin).
The study relates to a particularly interesting time frame. In Europe, breast cancer incidence and mortality generally increased until the mid or late 1980s. The 1990s brought a remarkable change in this trend. 14, 15 While incidence mostly continued to increase, mortality decreased spectacularly. Over the last decades, remarkable developments occurred in the diagnosis, classification and management of breast cancer, with the introduction of mammography screening programmes, effective hormone treatments and chemotherapy, and progress in radiotherapy and surgery. This time frame provides a good opportunity to test the "fundamental causes" theory. The "fundamental causes" theory predicts that mortality will be lower among those in advantaged socio-economic positions whenever technology and medical knowledge are available to combat a particular disease. 16, 17 When technology and knowledge are unavailable, exceptions to the general pattern may occur. During the first part of the 20 th century, chronic diseases such as cardiovascular diseases and lung cancer became the dominant causes of adult mortality. Knowledge and treatment technology were still rudimentary and higher social classes had higher mortality rates for these 'diseases of affluence'. 18 Once knowledge became available on how to prevent these diseases, the social pattern turned into an inversed (negative) gradient, with lower mortality rates in the advantaged positions. The same evolution could apply for other sites of cancer 19 and for breast cancer mortality in particular, allowing for the hypothesis of a disappearing positive association or even a shifting or reversing and thus negative association between breast cancer mortality and education in the context of (more) generalised screening programs and effective treatment having become available during the 1990s. The second objective of this paper is then to unravel time trends in educational differences in breast cancer mortality and to gain insight in the evolution of inequalities between the beginning of the 1990s and the beginning of the 2000s.
Materials and Methods
Design and study population
Data were collected as part of the international EURO-GBD-SE project ("The potential for reduction of health inequalities in Europe"-project). 20 Mortality studies had a longitudinal design (Denmark, Finland, Norway, Sweden, England and Wales, Austria, Belgium, France, Switzerland, the Basque Country, Madrid, Turin and Tuscany) or a cross-sectional design (Barcelona, Estonia, Czech Republic, Hungary and Poland) ( Table 1) . All longitudinal studies and the data for Barcelona consisted of a linkage between population censuses of the late 1990s or the early 2000s and mortality data in vital registries. Data were representative at the national level except for Southern Europe where the files covered regions or cities.
Variables
Breast cancer mortality was defined by the International Classification of Disease 10 (ICD10) (code C50 for breast cancer) in most studies of the EURO-GBD-SE project. Austria, Tuscany and Turin used ICD9 codes for the year 2001 (code 174 for breast cancer) and ICD10 codes for the other years. Education was categorized according to the International Standard Classification of Education (ISCED). To enhance international comparability, three broad groups of educational categories were constructed: no or pre-primary education, primary education and lower secondary education (ISCED 0-2); upper secondary education (ISCED 3-4); and tertiary What's new? Until the 1990s, higher educated women were found to have higher relative risks of dying from breast cancer than lower educated women. But with generalized screening programs and effective treatments becoming available, here the authors wanted to know whether the pattern still held true. Their analysis of data on 18 European populations shows a decrease of the positive association between breast cancer mortality and education in the 2000s. This is in line with the "fundamental causes" theory stipulating that whenever medical insights and treatment become available, a negative association with socioeconomic position will arise, independently of the underlying risk factors. 
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education (ISCED 5-6). The percentage of missing values
varied from 0% in most countries to 6% in France.
Age was included as a categorical variable (5-years age groups) in the standardisation analyses and as a continuous variable in the regression analyses. Data for most countries included information on age at death, except for Belgium, Denmark, Norway, Sweden and Switzerland. In these countries information on age was available at baseline only. To make results internationally comparable, an adjustment method has been applied, taking into account the length of follow-up for each of these populations. 21 
Data analysis
First, directly age standardized mortality rates (ASMRs) in breast cancer by education and their 95% confidence intervals (CIs) were calculated for each of the 18 populations using the Scandinavian (European) population standard of the WHO. 22 To quantify inequalities, relative and absolute measures were calculated because both are important. All measures were adjusted for age. Relative educational differences were assessed through two different indicators: the mortality rate ratio (MRR) and the relative index of inequality (RII). These were estimated through age-adjusted Poisson regression with the observed number of deaths as the dependent variable and person-years of population as the offset variable. The MRRs represent the difference between the predicted breast cancer mortality rates by education, using ISCED 1-2 as the reference group. As the association between education and breast cancer mortality has been predominantly positive, it seemed appropriate to take low educated women as reference group. This is consistent with earlier publications on breast cancer differences. 4, 6 Educational rank was calculated for each education level (by population) as the mean proportion of the population having a lower level of education. 23 The RII is the ratio between mortality at rank 1 (the highest education level) and rank 0 (the lowest education level), and can thus be interpreted as the rate ratio of mortality between those with the very highest and those with the very lowest educational position in the population. To measure absolute educational differences in breast cancer mortality, the slope index of inequality (SII) was calculated using the formula: [2*ASMR* (RII-1)]/(RII 1 1). 23 The SII represents the absolute version of the RII. Both the RII and the SII take into account all education groups (i.e. not just the lowest and highest groups). In addition, both measures adjust the relative position of each group to its share in the population, which increases comparability over time and between populations if there are substantial differences in the distribution of the population across education groups. 23 In addition to country-specific indicators, a pooled dataset, consisting of the data for all countries, was constructed to estimate the association between breast cancer mortality and education for all countries under study. Weights were assigned, so that the separate countries carried equal weight in the combined results.
Analyses were stratified by age at baseline, as a proxy variable for menopausal status (ages 30-49 for premenopausal women and ages 50-74 for postmenopausal women). Studies have indicated that breast cancer among premenopausal women is more strongly related to endogenous factors -age at menarche 24 and family history 25 -and less strongly to traditional risk factors (nulliparity, postponed motherhood, alcohol and smoking behaviour, obesity,. . .). These behavioural risk factors seem more important among postmenopausal women.
To detect time trends, research results were compared to those obtained for the beginning of the 1990s published in Strand et al. 4 For those countries for which data were available at both periods, RIIs were recalculated for women aged 30-49 and for women aged 50-69 (instead of women aged 50-74) in order to obtain comparable figures with the ones in Strand et al.
Results
Regional differences in breast cancer mortality in the 2000s were relatively small and rates do not suggest a clear-cut regional pattern. Rates are highest in Hungary and Estonia (higher than 40 per 100,000) and lowest in the Basque Country (lower than 33 per 100,000).
Focussing on social inequalities in breast cancer mortality, Tables 2 and 3 present an overview of absolute and relative inequalities by education for women aged 30-49 and 50-74 respectively. The 95% confidence intervals are often wide and coefficients rarely differ from unity. Considering the fact that data cover complete populations for the majority of the countries, the figures allow for some interesting analyses though.
Among women aged 30-49, the ASMR's are highest among low educated women in most populations (Table 2) . Similarly, the SIIs and RIIs indicate that young women with lower education have higher breast cancer mortality rates compared with women with higher education. Confidence intervals of the RII's are generally wide, coefficients not significantly differing from unity. The only exceptions are observed in Barcelona with a RII of 0.59 (0.36-0.96), in Poland with a RII of 0.72 (0.60-0.87) and in the Czech Republic with a RII of 0.73 (0.56-0.96) Three populations have a RII larger than unity, indicating an excess mortality for higher educated women (France, Basque Country and Madrid).
Based on the MRRs, three groups of populations can be distinguished for premenopausal women in Table 2 . The first one contains the majority of populations, showing an excess mortality for lower educated women (and a RII lower than unity). The second group consists of those populations with a high relative risk of dying from breast cancer in higher educated women (France, Basque Country and Madrid, i.e. populations that have a RII higher than unity), while the third one is characterised by an irregular pattern (England and Wales and Tuscany). The reference category is ISCED 0-2. Abbreviations: ASMR, age standardized mortality rate; CI, confidence interval; SII, slope index of inequality; MRR, mortality rate ratio; and RII, relative index of inequality.
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Gadeyne et al. These patterns are also reflected in the mortality rate ratios by educational level in table 3. The higher mortality risks among the tertiary educated reappear in a large number of populations (Basque Country, Tuscany, Turin, Austria, Finland, Hungary and Belgium). The second group shows a rather limited mortality excess among the tertiary educated (MRR < 1.10 in Norway, Barcelona, Sweden, Switzerland) or a considerable mortality excess among the upper secondary educated (Denmark, Estonia, Poland and France). France seems to combine high relative risks for both the upper secondary and the tertiary educated women (hence the large RII). In the third group, higher educated women have a lower mortality risk (Madrid, England and Wales and Czech Republic). Confidence intervals suggest a significant mortality excess either with secondary or tertiary educated women in eight populations.
To detect time trends, we compared our results to those obtained for the beginning of the 1990s as published in Strand et al.
4 Figure 1 presents the results of this comparison and reveals that inequalities in breast cancer mortality have declined, disappeared or changed direction in most populations. To gain statistical power, analyses were performed for all women aged 30-69. Nearly all coefficients were significantly higher than unity in the 1990s, indicating a mortality excess among the higher educated women aged 30-69. This is no longer the case in the 2000s, when most coefficients have become insignificant with confidence intervals including unity. The observed pattern is essentially driven by the pattern in women aged 50-69. Comparing the coefficients in both periods reveals that the RII has declined (5 populations) among elderly women, disappeared (2 populations) or switched from being positive to negative (1 population). Exceptions are observed for Finland, where the RII has increased and for Barcelona and France, where it has become larger than unity. Among women aged 30-49, coefficients are not significant in the 1990s, nor in the 2000s. The same changing trend of RIIs becoming smaller is detectable however.
Discussion

Summary of findings
Until the 1990s, the relationship between breast cancer mortality and education was found to be positive in most studies, higher educated women having higher relative risks of dying from breast cancer. [2] [3] [4] The present study reveals that this pattern has changed. Among women aged 30-49, breast cancer mortality is negatively associated with education across the majority of the European populations in the 2000s. Among older women aged 50-74, the association is positive, but coefficients have lost significance in many populations. Time trends for women aged 30-69 indicate that the positive association that existed previously in many countries has declined, disappeared or even changed direction.
Interpretation
The role of treatment. An important question is whether the observed trend in mortality differences has been primarily driven by changes in incidence inequalities or by changes in survival inequalities. This cannot be determined with our data, but there are some indications in literature allowing for the hypothesis that changes in survival inequalities may have played a more important role. Research revealed that, at least in some countries, social inequalities in breast cancer incidence remained fairly stable over time, e.g. in Finland
26
, England 27 and Turin
28
, higher educated women being characterised by higher incidence rates in breast cancer.
Consequently, the observed pattern of declining educational differences in breast cancer mortality may be primarily driven by changes in survival rates by education over time. Survival rates in breast cancer mortality have increased considerably during the 1990s. Knowledge and technology to treat breast cancer have changed fundamentally; national screening programs have been institutionalized and efficient therapy and surgery techniques have been developed, often being more beneficial to higher educated women. 29, 30 The positive association between education and breast cancer survival is very well documented in literature. 31, 32 Women with lower education may be exposed to lifestyle or environmental factors that accelerate tumour progression, they may receive less adequate treatment or less intensively participate to screening programs for early detection. 33 The association between education and screening is not straightforward however. A European comparative study among elderly women aged 50-69 illustrated that educational inequalities in screening are relatively small in countries with national population-based screening programs. 34 Screening programs typically aim at postmenopausal women, not or much less at premenopausal women. As a consequence, educational differences in screening may be more easily observed in younger women, which could partly explain why the educational association has become predominantly negative among younger women in our study and not so much, or to a smaller degree among older women. At the time of our study, most countries had installed national screening programs aimed at postmenopausal women. In the Eastern European countries, national programs started in the 2000s only. For these countries, the data are probably too recent to reflect the impact of these programs.
Besides screening, other factors influence survival chances that may differ by educational level. This is obvious in studies showing that educational inequalities in breast cancer 4 The reference category is ISCED 0-2. survival persist after controlling for screening behaviour and stage of diagnosis. 32, 33 Risk factors such as smoking, alcohol use and nutrition may limit treatment options. Studies also indicate that education plays a crucial role in access and adherence to adjuvant treatment regimes. Lower educated women may experience more difficulties to cope with the medical system, to undergo the adverse effects of treatment, to overcome psycho-social difficulties and to receive optimal care. 33 The role of risk factors
Research defined many risk factors involved in the carcinogenesis of breast cancer. 35, 36 Many factors such as age, family history, early menarche and late menopause are not modifiable. Factors that are modifiable relate to obesity, alcohol consumption, physical activity, hormone use (oral contraceptives and hormone replacement therapy (HRT)), reproductive factors (parity and age at first birth) and breastfeeding. Many risk factors are known to influence the lifetime exposure of the breast tissue to hormones (early menarche, late menopause, obesity and hormone use), which impact upon cell proliferation, thereby increasing the likelihood of DNA damage and cancer growth. 35 Results for dietary patterns and smoking are generally mixed and not consistent. 35 Modifiable risk factors are clearly related to educational level. Ample research has shown a negative association between education and alcohol consumption, 37 obesity, 38 parity 39 and a positive association between education and age at first birth, 39 physical activity 40 and hormone use (HRT and contraceptives). 41 A few studies thus investigated educational breast cancer inequalities in relation to risk factors. Apparently, the bulk of the difference can be explained by reproductive factors, and especially age at first birth. Research indicated that the relation between education and breast cancer incidence becomes non-significant after adding reproductive factors as explicative factors. 42 Some studies observed that birth and parity do not entirely account for educational differences in breast cancer incidence however and that many other risk factors are involved. 36 When introduced separately, the abovementioned risk factors (age at menarche, breastfeeding, ever use of HRT, ever use of oral contraceptives, alcohol consumption, menopausal status, age at menopause, height, BMI and physical activity), did not alter or only slightly altered educational differences in breast cancer incidence. 36 The only exception was height. When all risk factors were taken simultaneously into account, there was no longer an association between education and breast cancer in the case of invasive cancer in a study of 10 European countries. 36 For in situ breast cancer, in contrast, educational inequalities remained significant after control.
Obviously, reproductive factors are important to explain educational inequalities. Since the mid-1960s, fertility has declined and shifted towards later ages in all industrialized countries, mostly due to the expansion of education. 39 An increasing socio-economic (educational) differentiation in fertility behaviour occurred, but in the younger cohorts, born since the 1950s-1960s, the negative association between education and fertility seems to have weakened. 41 Family-policies have played an important role in mediating the impact of education on fertility behaviour and facilitating or not the combination of employment and childbearing. 43, 44 In less facilitative family-policy regimes such as the UK, Ireland and South-European countries, inequalities in the quantum and timing of fertility have grown considerably due to the employment-fertility incompatibility for women; high educated women having fewer children and having their children at older ages. In facilitative countries in contrast, inequalities seem to have diminished. 45 . 46 Our results for premenopausal women do not reflect these geographic differences in fertility patterns by education. The Nordic and West-Central European countries show a negative relation, higher educated women having lower breast cancer mortality rates, but so do the countries in East-Central Europe. As for the least-facilitative family regimes in the UK and the South-European populations, these are undeniable the sole populations showing a non-negative association in young women. There are however important exceptions, such as Barcelona, characterised by a pronounced negative association, with very low relative mortality rates in upper secondary educated women and low risks in tertiary educated women.
France displays an atypical pattern too. France and also Finland were the first countries where the decline or disappearance of the positive gradient observed earlier in breast cancer mortality had been demonstrated. Exactly these populations show an increase of the RII in our study, suggesting the reoccurrence of a positive association among pre-and postmenopausal women in France and among postmenopausal women in Finland and Barcelona.
The explanation of the observed patterns is complex and likely involves several factors with counteracting effects. There is no doubt that reproductive behaviour plays a pivotal role, but also genetic predisposition, age at menarche and menopause and behavioural factors are important.
Research has devoted quite some attention to the impact of HRT on breast cancer risk. Although characterised by a North-West versus South-East divide, prevalence rates of hormone replacement therapy (HRT) among postmenopausal women seem particularly high both in Finland and France during the 1980s and 1990s, 47, 48 with initially a higher prevalence among higher educated women. 41 Several studies demonstrated the harmful increasing effects of HRT on breast cancer incidence, causing a decrease of HRT prevalence rates since the end of the 1990s, beginning of the 2000s. 48, 49 The increase in HRT prevalence rates may have played a role in the inversion of the pattern in breast cancer mortality in postmenopausal women, at least in Finland. Educational differences in HRT-use have declined during the 1990s among younger age groups, but still are significant among women aged 55 and older in Finland. 41 
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In France, the inversing trend is observed for pre-and postmenopausal women. A close look to the mortality rate ratios for France reveals that upper secondary educated have the highest mortality risk. It could be hypothesized that the combination of a lower number of children with a later age at birth (when compared with low educated women) and a lower or more tardive screening and treatment rate (when compared with high educated women) in these categories results in higher mortality rates. This could be true as well for other regions characterised by a high relative mortality rate among the upper secondary educated women, such as Tuscany, the Basque Country and Madrid in premenopausal women and Denmark, Estonia and Poland in postmenopausal women.
Methodological considerations
Comparing mortality differences across countries unavoidably raises questions concerning the comparability of data. Several issues need to be considered. Data for France and for England and Wales are based on a 1% sample of the total population but are (almost) exhaustive for other regions. This leads to large confidence intervals for France and England and Wales, as analyses are based on a small number of deaths. Previous results for both countries were however based on the same sample sizes, so trends through time probably do not reflect a data bias in this respect.
Secondly, data are based on different study designs across countries. Most data consist of longitudinal studies, but for some regions, data have a cross sectional study design. In Eastern-Central Europe and the Baltic country the datasets are unlinked and consequently more prone to the numerator-denominator bias. A closer look to these countries reveals that premenopausal women with upper secondary education have exceptionally low mortality rate ratios in both Poland and Czech Republic. This could be partly related to a numerator-denominator bias. Postmenopausal women with secondary education, on the other hand, have rather high rate ratios in Poland and Estonia. It is difficult however to judge the impact of such bias as there is no additional information. Yet, it is important to underline that some countries with linked datasets show similar pronounced rate ratios.
Taking the time lag between breast cancer incidence and breast cancer mortality into account, some breast cancer deaths observed for postmenopausal women may have originated in the premenopausal stage of life. There is no reason to believe that this would distort our comparative research results.
Another problem relates to the comparability of cause-ofdeath coding practices in European countries. This is likely to be minor for breast cancer as the disease is usually diagnosed long before death, encouraging the certifying physician to report it as the underlying cause of death. Changes in the ICD-revision used may impact our findings. A bridge-coding study has illustrated that there was a 3% increase in breast cancer mortality in the UK when using ICD10 compared to ICD9. 50 However this is unlikely to differ by education and have a significant impact on our estimates of educational differentials in breast cancer mortality.
Conclusions and recommendations
Our analyses revealed that there is a variety in educational patterns of breast cancer mortality. Several factors have been put forward to explain this variety and to understand trends through time. Country-or region-specific patterns arise from the combination of educational differences in fertility behaviour and other risk factors, screening practices and programs and therapeutic treatment.
The observed evolution of a declining or disappearing positive association between breast cancer mortality and educational level is in line with the fundamental causes theory, claiming that when technology and medical knowledge become available, positive associations between mortality and socio-economic position will turn into negative associations as has been observed for coronary or ischemic heart diseases and for lung cancer.
Identifying the specific contributions of the potential causes of educational patterns is a challenging task. Future research should combine comparable data by level of education on fertility patterns (number of children and age at first birth), screening and treatment practices and life style characteristics for cohorts included in various European regions. Research simultaneously investigating educational differences in breast cancer incidence on the one hand and in survival from breast cancer (case fatality) on the other hand would be very promising in this respect. This 'decomposition' would shed light on the impact of life style factors (on incidence) versus the impact of screening and therapeutic aspects (on case fatality).
The appearance of a higher breast cancer mortality among lower educated women calls for particular attention. Breast cancer risk factors are not easily modifiable or difficult to control at the population level. 34 Countries with national screening programs, aimed at postmenopausal women, are characterised by small educational differences in screening behaviour. This is an important issue for policies that aim to reduce breast cancer incidence and case fatality, to enlarge the scope of programs in order to prevent or combat socioeconomic inequalities. Studies indeed suggest that socioeconomic disparities in breast cancer survival could be substantially reduced by improving early detection among low SES women. Similarly, policies should target vulnerable groups in order to assure an equal access to health services, equal treatment and to exile obstacles against equal survival rates.
